quinoline-3,6-diol.
Introduction
During recent years rapid developments in the chemistry of 1,2,3,4-tetrahydroquinolines have been observed 1 . The growing interest in them can be explained by their biological activities.
Substituted tetrahydroquinolines are the core structures in many important pharmacological agents [2] [3] [4] [5] [6] , many relatively simple synthetic 1,2,3,4-tetrahydroquinolines are already in use or have been tested as potential drugs. [7] [8] [9] Besides pharmaceutical applications, tetrahydroquinoline derivatives are useful as pesticides 10 , antioxidants 11 , corrosion inhibitors 12 , and active components of various dyes 13 . In addition, they also have found application in modern recording technologies. 14, 15 On the other hand, the carbazole core is present in the structure of some alkaloids [16] [17] [18] , also it is known to be included in semiconductor properties exhibiting compounds which are used in various optoelectronic applications. 19, 20 Here we targeted our efforts to develop a synthesis method of bifunctional 1,2,3,4-tetrahydroquinoline derivative possessing 9-ethylsubstituted carbazolyl radicals that could be a promising synthon for synthesis of new biological or electroactive compounds.
Results and Discussion
In our previous works we developed a synthetic methodology for the synthesis of a bifunctional tetrahydroquinoline core starting from a symmetrical diphenylamine, which was successively reacted with epichlorohydrin, followed by ring opening of the epoxypropyl derivative to a 3-chloro-2-hydroxypropyl substituted compound, that was finally cyclized in a regioselective fashion to a bifunctional condensed tetrahydroquinoline derivative. 21, 22 This prompted us to apply these procedures for the instant pathway, starting from N,N'-di(9-ethyl-9H-carbazolyl)-2,7-diaminonaphthalene (3), which was prepared by iodine-catalysed condensation of 2,7-dihydroxynaphthalene with 3-amino-9-ethylcarbazole (Scheme 1). 
Scheme 1
Surprisingly, we failed to form the expected epoxy compound 5 from 3 by the action with epichlorohydrin under alkaline conditions. Therefore, it lead to an attempt to synthesize N,N`-di(3-chloro-2-hydroxypropyl)-N,N`-di(9-ethyl-9H-carbazolyl)-2,7-diaminonaphthalene (4) from 3 by alkylation with epichlorohydrin in the presence of acetic acid as catalyst in refluxing methanol. The desired product could not be isolated either, because of the complexity of the reaction mixture. The lowering of the reaction temperature to 30°C gave a result -two products during TLC monitoring, one of them (presumably monofunctional) gradually blending in favour of the other. An attempt to convert the product to easily crystallizable epoxy derivative 5 by the work-up with KOH was successful, thus proving the initial structure of 4. Reconverting of 5 to 4 upon the action of HCl, and especially trying to purify it by flash chromatography gave the conclusion about the instability of chloropropyl derivative 4 towards intramolecular cyclization already in the column. Thus, by means of mass spectra, a monocyclic tetrahydroquinoline derivative was detected ([M+H] + =693) among the eluted products. Then, the crude compound 4 was attempted to further reaction by refluxing it in epichlorohydrin (the latter was used to neutralize the liberating HCl), and the reaction was completed in 3 hours to give a target dicyclic product 6.
The structures of isolated intermediates 4 and 5 were proved by spectral data, what confirmed the expected course of the reaction.
Since we could expect two possible sites of electrophilic attack of the aliphatic side chains in 4, and consequently two presumable tetrahydroquinoline products (6 or 7), the actual structure was resolved from the spectral data.
Thus, the mass spectrum and elemental analysis data are consistent with both probable structures 6 or 7. In the 1 H NMR spectrum (DMSO-d 6 , CS 2 ) of the isolated product signals are present which can be assumed to the five non-equivalent protons of the formed tetrahydroquinoline ring. The OH proton gives a sharp doublet at 5.17 ppm and a doublet of the same intensity at 4.96 ppm, as this group is attached to stereogenic centre; this indicates formation of two diastereomers, what is evidenced by a double set of signals of other neighbouring groups. The preservation of a hydroxyl is confirmed also by an absorption band at 3273 cm -1 in the IR spectrum.
A consideration of two-dimensional 1 H-1 H COSY data facilitated the assignment of resonances to appropriate heteroaromatic protons ( Fig. 1 ). The 5`-H proton of carbazole with the largest chemical shift 8.06 ppm appears as a doublet (J = 7.8 Hz) and exhibits a clear correlation with two doublets upfield (at 7.16, 7.14 ppm (J = 7.8 Hz), which can be assumed to 6`-H, due to vicinal coupling with 5`-H and 7`-H. A doublet at 7.09 ppm (J = 8.9 Hz) was attributed to 11-H and 10-H of naphthalene core because of clear correlation with a doublet of 12-H and 9-H of naphthalene moiety (6.49 ppm, J = 8.9 Hz). The direction of the intramolecular cyclization can be estimated from the analysis of aromatic part of 1 H NMR spectrum of the cyclized product (Fig. 2) . The preservation of a signal at 7.99 ppm of 4`-H of carbazole, splitted to a doublet due to coupling with 2`-H (J = 2.1 Hz), and in addition, the disappearance of a characteristic doublet in the region 6.98-6.90 ppm (J = 1.9-2.4 Hz), which was observed in the spectra of compounds 3, 4 and 5, (and had been attributed to 1-H and 8-H of naphthalene) favours definitely structure 6 from the two. Moreover, the substitution of 1-H (and 8-H analogously) in naphthalene can be clearly confirmed from the data of the appropriate part of 1 H NMR data. The resonance of 3-H in compounds 3, 4 and 5
gives rise to doublet of doublets due to its vicinal coupling to the 4-H (J = 8.7, 8.9 and 8.9 Hz, respectively) and coupling to 1-H (J = 1.9, 2.1 and 2.4 Hz). In the cyclization product the corresponding proton gives only a doublet (J = 8.9 Hz) because of missing of a meta-proton, a characteristic fact for structure 6. Finally, while seeking for optimal conditions, we supposed the possibility for the synthesis of 6 by one-pot reaction from 3; the methodology developed requires 25h reflux of N,N'-di(9-ethyl-9H-carbazolyl)-2,7-diaminonaphthalene (3) in epichlorohydrin in the presence of 85% acetic acid.
Conclusions
In conclusion, a one-pot synthesis of 1,8-bis(9-ethyl-9H-carbazol-3-yl)-1,2,3,4,5,6,7,8-octahydroquino[5,6-f]quinoline-3,6-diol has been developed starting from ,N'-di(9-ethyl-9H-carbazolyl)-2,7-diaminonaphthalene by alkylation with epichlorohydrin and following intramolecular cyclization.
Experimental Section
General Procedures. The NMR spectra were taken on a Varian Unity Inova spectrometer (300 MHz for 1 H and 75 Hz for 13 C). The IR spectra were taken for samples in KBr pellets on a Perkin Elmer Spectrum BX II FT-IR System spectrometer. Mass spectra were recorded on Waters (Micromass) 2Q 200. Melting points were determined in capillary tubes on capillary melting point apparatus MEL-TEMP. The course of the reactions was monitored by TLC on Silufol UV-254 plates (acetone/n-hexane = 1/3), which were developed with I 2 or UV light. Silica gel (grade 62, 60-200 mesh, 150 Å, Aldrich) was used for column chromatography. Elemental analyses were performed with an Exeter Analytical CE-440 Elemental Analyzer; their results agreed satisfactorily with the calculated values. 3-amino-9-ethylcarbazole (90 %) was purchased from Sigma-Aldrich and used without further purification.
N,N'-Di(9-ethyl-9H-carbazolyl)-2,7-diaminonaphthalene (3)
A mixture of 3-amino-9H-ethylcarbazole (1) (25 g, 0.1 mol), 2,7-dihydroxynaphthalene (2) (7.9 g, 50 mmol), I 2 (0.4 g) (68 mL) was refluxed in 68 mL of 1,2-dichlorobenzene (DCB) for 5 h. After termination of the reaction, to a reaction mixture methanol (170 mL) was added and upon cooling a crystalline product formed. N,N'-Di(3-chloro-2-hydroxypropyl)-N,N'-di(9-ethyl-9H-carbazolyl)-2,7 -diaminonaphthalene (4) (A) A mixture of compound 3 (15 g, 28 mmol), epichlorohydrin (200 mL, 2.6 mol) and 75% acetic acid (20 mL) was stirred vigorously for 10 days at 30 °C. After termination of the reaction, the mixture was extracted with ethyl acetate, the organic layer washed with distilled water until neutral, then dried (MgSO 4 ), and the solvents were removed. The obtained compound 4 was used for the next step without purification. (B) 5 (6 g, 9 mmol) was dissolved in dioxane (60 mL), and concentrated HCl (1.1 mL) was added dropwise at room temperature. The reaction mixture was stirred for 1.5 h, then treated with ethyl acetate (120 mL) and washed with distilled water until neutral. The organic layer was dried (MgSO 4 ), and the solvents were removed. The residue was purified by column chromatography (ethyl acetate/n-hexane = 3/1) to afford crystalline 4 (4. 
N,N'-Di(9-ethyl-9H-carbazolyl)-N,N'-di(2-oxiranylmethyl)-2,7-diaminonaphthalene (5)
To a solution of 4 (13 g, 0.02 mol) in dioxane (50 mL), were added 85% powdered KOH (10 g, 1.2 mol) and anhydrous Na 2 SO 4 (3 g, 20 mmol) in 5 equal portions every 30 min, and the mixture was stirred at room temperature for 3 hours. At the end of the reaction the mixture was treated with ethyl acetate and washed with distilled water until neutral. The organic layer was dried (MgSO 4 ), and the solvents were removed. The residue was dissolved in THF and kept at room temperature overnight. The formed crystals were filtered off, washed with diethyl ether and recrystallized from toluene to yield compound 5 (8.4 (B) A mixture of compound 4 (1.4 g, 2 mmol) and epichlorohydrin (35 mL) was refluxed under an argon atmosphere for 3 hours. The mixture was cooled and kept at room temperature overnight. The crystalls were filtered off, washed with 2-propanol and diethyl ether and recrystallized from dioxane to obtain 6 (0.7 g, 54%).
